Abstract: External shocks induced volatility, and persistence of the volatility has been examined for the Malaysian stock market using a model where risk-return trade-off has been incorporated. In the current study, the stock market index has been disaggregated into four different sub-sectors which have provided an opportunity to compare and contrast the inter-sectoral variance in response to external shocks and persistence of the effects of these shocks. The sectoral breakdown provides a deeper insight into the dynamic adjustment mechanism which is invariably masked in studies that use the aggregate data. This paper also finds that the risk premium coefficient is positive and statistically significant and thus concludes that the Malaysian stock return is influenced by conditional variance. More precise estimation of volatility is a pre-requisite for designing policy measures to smooth out fluctuations in stock indices, and consequently encouraging investment not only in the stock market but also in the real economy has far reaching consequences. The results have significance also for portfolio managers and investors who are managing funds to optimise risk-adjusted returns.
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Introduction
External shocks such as an act of terrorism or aggression from a foreign government or the irrational reaction to a powerful figure commenting on the market have caused quite a bit of tension around the global equity markets, which has led to unexpected shift in financial volatility. The persistence of shocks is a crucial aspect for portfolio managers and investors who are managing funds to optimise risk-adjusted returns. Lamoureux and Lastrapes (1990) have suggested that the accuracy of volatility persistence may be over-estimated if the sudden changes are not accounted for in GARCH models. Hence, for accurately estimating volatility persistence it is important to take into account the sudden changes in variance meaning break points in the data series. Empirical research on volatility and volatility persistence using GARCH-type models has concluded that taking the break points into consideration significantly reduces the volatility persistence (Aggarwal et al., 1999; Hammoudeh and Li, 2008; Malik et al., 2005; Wang and Moore, 2009; Elder and Villupuram, 2012; Solakoglu and Demir 2014) . This paper estimates the risk premium as a measure for taking additional risk and re-examine the effect of sudden volatility change on the stock price level of a small emerging Asian stock market -the Malaysian market. The Malaysian stock market has been disaggregated into four different sub-sectors which have provided an opportunity to compare and contrast the inter-sectoral variance in response to external shocks and re-examine the volatility persistence for the Malaysian market.
The main objectives of this paper are threefold. First, in contrast to Law (2006) , this paper uses a longer time period, precisely 21 years, to test if incorporation of data exhibiting sudden shifts in volatility affect estimation and persistence of volatility. Second, the Malaysian economy over the recent decades has allowed a higher degree of financial liberalisation and internationalisation with objective of building a stable and resilient financial system. Incorporating the development of Bursa Malaysia stock market, and financial integration dimension in this paper is relevant in assessing the impact of external shocks and the behaviour of stock market of an emerging economy. Third, this paper utilises the EGARCH in mean to evaluate volatility persistence via testing the theoretical hypothesis that an increase in volatility leads to a rise in future returns. The results are important to investors who are managing funds to optimise risk-adjusted returns.
The remainder of the paper is organised as follows. Section 2 briefly presents the data and methodology. Section 3 describes the characteristics of the sample data -the Malaysian stock returns for four indices. Section 4 provides the estimation results of sudden shifts in volatility and the EGARCH-M (1, 1) models. The final section, Section 5, provides some concluding remarks.
Data and methodology
The data employed by this study consisted of the weekly closing stock price index of Kuala Lumpur Composite Index (KLCI), plantation (PLT), properties (PROP), industrial (IND), and Finance (FIN). Weekly rather than daily data were chosen to avoid the potential biases associated with micro-structural issues, non-trading, the bid-ask spread effect in daily data, and problems of thin trading which were often associated with most emerging markets. All stock prices series were collected from DataStream and spanned from June 1990 to June 2011. The stock market returns were calculated according to the following expression:
where ln(p t ) is the natural logarithm of the index at time (week) t. Dividends were assumed away (see Campbell et al., 1997) . Glosten et al. (1993) and Nelson's (1991) exponential GARCH models are effective in capturing asymmetry in volatility, the models, however, may not be able to detect all of the variance effects when there is(are) structural breaks. By ignoring this fact, the conditional heteroskedastic models tend to overestimate the persistence of volatility. Therefore, it is extremely important to account for the structural breaks in variance.
In this current study, iterative cumulative sum of squares (ICSS) algorithm developed by Inclan and Tiao (1994) will be used. The main purpose is to detect break points or sudden shifts in unconditional variance. Second, the statistically significant identified sudden shifts then will be incorporated into the GARCH-type model using appropriate dummy variables. Third, EGARCH-M model will be estimated with and without sudden shifts to see whether or not the volatility persistence has considerably reduced across all series.
Let r t be the stock price return series with unconditional variance 2 .
t σ The variances within each interval were given by 2 ,
Here, N T was the total number of variance changes in T observations and
were the change points. It can be clearly denoted as
The above variance changes could be identified via the following steps. First, the terative-cumulative-sum-of-squares of the series were produced using 
If there was no significant shift in the variance, ψ k oscillated around zero and would exhibit a horizontal line when plotted against k. If there was a significant shift in the variance, on the other hand, ψ k would drift upward and downward around zero when plotted against k. In this case, sudden changes in variance were detected using the critical values which are given in Table 1 of Inclan and Tiao (1994 ψ falls outside the predetermined boundary, then k* is taken as a point in unconditional variance shift. Frequently, ψ k function alone is insufficient to detect multiple variance shifts at different interval due to the so called 'masking effect'. The 'masking effect' means that moderate variance shifts may not be detected due to the existence of large variance shifts. This problem is resolved by the ICSS algorithm by evaluating the ψ k over different time intervals. The algorithm is thus based on successive evaluations of ψ k at different parts of the series, dividing consecutively after a possible change point is found. Once the sudden shifts in variance have been identified using the algorithm, the next stage is to construct the extended iterated-cumulative-sum-of-squaresin-volatility model. The ICSS-EGARCH-M (p, q)-M model can be formulated as:
where r i denotes weekly stock return series under examination, ε i was the market innovation, h t was the respective conditional variance of the returns process based on the information set (φ t-1 ) of relevant and available past data; ω, β, γ and α were parameters to be estimated, 1 n S S were dummy variables taking a value of 1 for each breakpoint of sudden shift of variance and 0 otherwise. The volatility persistence is measured by the sums of the parameters (α + β). The assertion of volatility persistence (α + β) has to be considerably reduced across all indices compare to standard EGARCH-M-M model. The risk premium is measured by φ. Table 1 showed that stock returns in Bursa Malaysia were positively skewed and not normally distributed. Third, the kurtosis values for all the four indices is higher than 3, indicating a leptokurtic distribution.
The Jarque-Bera (JB) statistic reported Table 1 confirmed the significant departure of these stock returns from normal distribution. These results were similar to Kang et al. (2009), Wang and Moore (2009) who has investigated sudden shifts in volatility on Japanese and Korean, and new European Union (EU) stock markets respectively. Notes: Skewness measures the asymmetry of the distribution of the series around its mean. The skewness of a normal distribution is zero. Kurtosis measures the peakness or flatness of the distribution of the series. The kurtosis of the normal distribution is 3. If the kurtosis exceeds 3, the distribution is leptokurtic, and if less than 3 platykurtic relative to the normal distribution.
Estimation results of sudden shifts in volatility

Sudden shifts in volatility
In Table 2 , all important changes and events of Malaysian stock indices under investigation have been reported and summarised. Sudden shifts in volatility and risk premium for all indices seem to be caused by similar external shocks. In contrast to the results of the study of Aggarwal et al. (1999) that country-economic structure and political episodes has led to sudden shifts in volatility. The identification of sudden changes is largely explained by both global and regional events. 
EGARCH-M (1,1) estimation without and with significant sudden shifts
We now first examine volatility persistence and risk premium for Malaysian stock markets without the sudden shifts and secondly integrate these sudden shifts in EGARCH-M (1, 1) models and re-examine the volatility persistence for the Kuala Lumpur stock market main index and three different sub-indices, namely Industrial (IND), Finance (FIN) and Plantation (PLT) during the period 1990-2011. In the EGARCH-M (1, 1) models of Table 3 , the top panel of this table reports the estimated results without sudden shifts in volatility. It shows that all parameters are statistically highly significant. The persistence of shocks as measured by the sums of the parameters (α + β) appears to be very high, greater than one, which results in volatility persistence, implying that shocks have a permanent effect on the variance of returns.
However, for the integration of sudden shifts in volatility as in Table 3 , the bottom panel, the results show that the estimated value of (α + β) of all indices displayed rather low persistence to volatility shocks, implying that the presence of volatility is spurious when sudden shifts in volatility are not taken into consideration. As a result, ignoring volatility shifts leads to inaccuracy of estimating the persistence of volatility. The risk premium φ coefficient is positive and statistically significant and thus indicates that the Malaysian stock return has feedback from conditional variance to conditional mean. More precise estimation of volatility is a pre-requisite for designing policy measures to smooth out fluctuations in stock indices, and consequently encouraging investment not only in the stock market but also in the real economy which has far reaching consequences. These findings were consistent with those reported by Kang et al. (2009) for the case of another small emerging Asian stock market -the Korean stock market. Finally, we evaluated the descriptive validity of the model specifications, using several diagnostic tests. The Ljung-Box Q statistics were calculated for serial correlation in standardised residuals. All series were found to be free of serial correlation using the standardised residuals. The ARCH-LM test suggested the absence of heteroskedasticity in the residuals. In addition, the estimated residuals from model with sudden shifts in volatility show higher log-likelihood values and smaller values of skewness, kurtosis in comparison to the estimated residuals from model without incorporating sudden shifts in volatility. This indicates that EGARCH-M (1, 1) models with significant sudden shifts in volatility are well specified for re-examining the volatility dynamics and persistence in the Malaysian stock markets.
Concluding remarks
In the current study the Malaysian stock market index has been disaggregated into four different sub-sectors which has provided an opportunity to compare and contrast the inter-sectoral variance in response to external shocks and re-examine the volatility persistence and risk premium for the Kuala Lumpur stock market main index and three different sub-indices, namely Industrial (IND), Finance (FIN) and Plantation (PLT) during the period 1990-2011.
First, this study uses longer period of time. This period almost covered all series of important sudden shifts in volatility. Using the ICSS algorithm, the identification of sudden changes is largely explained by both global and regional events. Second, when these sudden changes are integrated into EGARCH-M-M (1, 1) models, the result showed that the volatility persistence has considerably reduced across all indices. Thus, incorporating information on sudden changes in both conditional and unconditional variance improved the accuracy of estimating and forecasting volatility dynamics for market participants.
Third, this paper utilises the EGARCH in mean to evaluate volatility persistence via testing the theoretical hypothesis that an increase in volatility leads to a rise in future returns. The study also finds that the risk premium coefficient is positive and statistically significant and thus concludes that the Malaysian stock return has feedback from conditional variance to conditional mean.
More precise estimation of volatility is a pre-requisite for designing policy measures to smooth out fluctuations in stock indices, and consequently encouraging investment not only in the stock market but also in the real economy which has far reaching consequences. The results have significance also for portfolio managers and investors who are managing funds to optimise risk-adjusted returns.
